In animal breeding and genetics, knowledge of causal effects may provide valuable information on selection. Different contributions of explanatory variables to the traits indicate that the breeder has to choose the variable with the largest contribution in a selection effort. In this study, direct and indirect effects of four explanatory variables (Shank Length, Breast Length, Breast Depth and Breast Circumference) influential on live weight at week 30 in American Bronze turkeys were investigated using path analysis. Results of the analyses indicated that the direct effects of shank length were the largest on live weight. In general, indirect effects of Breast Length and Breast Circumference through Shank Length were highest among all indirect effects. Shank Length is the most influential variable and must be included in the model in estimating the live weight at week 30.
Introduction
Main purpose of the animal breeding practices is to improve traits of economic value. Depending on the species, breeders try to improve traits such as meat, milk, egg and wool traits. These traits are closely related to explanatory variables such as age of dam, lighting program, sex, breed, breast length etc., depending on the species (Gürbüz et al. 1999, Şahiner and Görgülü 2000) . Investigation of these relations may provide essential information to breeders in selection, crossbreeding and in other practices. Different explanatory variables may have different contributions on the trait. Those with a larger effect on the trait may be the most important to the breeder (İşci et al. 2004 ). These variables may have indirect effects on the traits through the other factors as well as direct effects. Lighting is one of the most important environmental factors that affect poultry performance as well other animal species. Different lighting programs affect the relationships among the variables (Hamilton and Kennie 1997 , Yahav et al. 2000 , Mendes et al. 2005a , Mendes et al. 2005b ).
The causal effects needs to be investigated separately in different lighting programs to explain how the relationships among the variables change in different lighting programs. Determining the variables most effective or least effective on the traits in question may be beneficial in selection programs.
Explanatory variables may have direct or indirect effects on the traits (Li 1975 , Düzgüneş et al. 1996 , Keskin 1998 . Usually, the direct effects are measured using correlation coefficient. However, indirect effects may confound the correlation coefficient. This may be because another unaccounted variable may be contributing to the correlation coefficient (Wright 1934 , Wright 1960 , Wright 1968 , Sirali and Kayaalp 1995 .
Using simple correlation coefficient between traits and explanatory variables may not explain the relationships in all aspects and may be inadequate in investigating the causal effects among the variables. In order to arrive at solid conclusions, correlation coefficient should be partitioned into components and analyzed just like in analysis of variance (Alvin et al. 1975 , Gürbüz et al. 1999 . live weight of American bronze turkeys under three different lighting programs"
In many fields, such as agriculture, social sciences and medicine, path analysis is widely used to investigate direct and indirect causal effects between traits and explanatory variables. In this study, relationships between live weight at 30 week and four body measures (Shank Length, Breast Depth, Breast Length and Breast Circumference) were investigated via path analysis. Major purpose of this study was to determine the explanatory variable that is most effective on live weight at slaughter and to order the variables in terms of their contributions to the model.
Materials and Methods
The data were collected from 60 American Bronze turkeys. The birds were 15-week old at the beginning of the study. The study was carried out at the Üvecik Research Center of the Çanakkale Onsekiz Mart University. The animals were raised under intensive conditions with a lighting program of 23L: 1D in the first 55 days of the study. They were then allowed to go onto pasture. Three different artificial lighting programs in addition to day light were applied starting from 16 th weeks of age. Group I (control), group II and group III were treated with lighting programs 23L: 1D, 18L: 6D and 12L: 12D, respectively. Each group had 10 male and 10 female turkeys. The starter and growth diets of the animals included 28% crude protein, 2900-3000 kcal/ME and 22% crude protein, 2800-2900 kcal/ME, respectively. Wheat and water were offered ad libitum to the turkeys when they returned back from the pasture under semi-intensive condition. The birds were weighed before slaughter at 30 weeks of age. Shank Length (X1), Breast Length (X2), Breast Depth (X3) and Breast Circumference (X4) were measured at 30 weeks of age also.
Path analysis was used to analyze the data. Path analysis provides a method to investigate direct and indirect effects. It is an extension of the ordinary multiple regression model. A regression is done for each variable in the model as a dependent on explanatory variables (Anonymous, 2004) 
where is the correlation coefficient between i j X i X r th and j th independent variables and is the path coefficient that indicates the direct effects of j j Y.X P th independent variable on the dependent variable. Coefficient of determinations can be partitioned into its components using path analysis as follows:
where; 2 İ Y.X P and show direct and combined effects of explanatory variables (X1, X2, X3 and X4) in contributing to the variation of Y (Düzgüneş et al. 1987 , Okut and Orhan 1993 , Düzgüneş et al. 1996 , Keskin 1998 , Gürbüz et al. 1999 .
Variance Inflation Factors (VIF) was calculated to measure whether there were any multicollinearity problems among the explanatory variables (Draper and Smith 1998) .
Results
Descriptive statistics by lighting programs and sex are given in Table 1 . The correlation coefficients between the traits and explanatory variables and those between the explanatory variables are given in Table 2 . The correlation coefficient between Live Weight (Y) and Shank Length (X1) was large enough to be significant (P< 0.05) for male turkeys raised in the 23L: 1D lighting program and the Breast Circumference (X4) was highly correlated with Y (P< 0.01) for female turkeys in the same lighting program. In the 18L: 6D lighting program, male live weights had the highest correlation with X1 also. On the other hand, females had a conflicting result to the previous lighting program; X1 and X2 variables had the highest correlations with Y. In the 12L: 12D lighting program, Shank Length (X1), Breast Length (X2) and Breast Depth (X3) variables had the highest correlations with Y in males while in females, none of the correlations were large enough to be significant (P>0.15). There were no multicollinearity problems among the explanatory variables, since the VIF value was smaller than 10 in all cases (Draper and Smith, 1998) (Table 3 ).
Regression equations constructed for turkeys by lighting programs are given in Table 3 . The coefficients in these equations are the path coefficients (Wright, 1960) . Path coefficients for turkeys raised under 23L: 1D lighting program indicated that the X1 variable had the largest effect on live weight (Y) at slaughter for male turkeys. X3 had the least contribution to the model. X4 had a negative effect on live weight, but this effect was not statistically significant. On the other hand, in females under the same lighting conditions, live weight was affected largely by X4.
Path coefficients for turkeys raised under 18L: 6D lighting program indicated that the Live weight of both male and female turkeys raised under this lighting program was affected mostly by the X1 variable. In studies related to lighting programs, this lighting program was reported to be the most optimum program (Mendes et al., 2005a) . The path coefficients for turkeys raised under 12L: 12D lighting program indicated that the X1 variable had the largest effect on live weight at slaughter for male turkeys while X2 had the largest effect on live weight at slaughter for female turkeys.
Regression coefficients changed according to the lighting programs and gender (Table 3 ). The 18L: 6D lighting program seems to give the most pronounced relationships between the traits and the explanatory variables. The coefficients from tables 2 and 3 were also used to calculate the direct and indirect effects (Table 4) . In Table 4 , diagonal values are the path coefficients that measure the direct effects of each independent variable on the explanatory variables. Values off diagonal measure the indirect effects on the dependent variables. In male turkeys raised under 23L: 1D lighting program, only the path coefficient related to Shank Length (X1) was large (P<0.01). This indicated that one unit change in standard deviation in the X1 variable resulted in 0.688 unit change in standard deviation in the Y. Indirect effects of X4 (0.612) and X2 (0.523) on Y, through X1, was the highest among all indirect effects of X i on Y. Indirect effects of X3 were close to zero. The largest direct contribution to female live weight was by X4 (0.944; P<0.01), X1 (0.415) and X3 (0.417). X1 and X3 had the same level of direct contributions (P<0.05). This implies that one unit change in standard deviation of Breast Circumference (X4) results in 0.944 unit change in standard deviation of Live Weight while that in Shank Length and Breast Depth results in 0.42 unit change in standard deviation of Live Weight. Effects of X2 (-0.217) were not large (P=0.107). In this lighting condition, the only coefficient that had large direct effects on both male and female turkeys was Shank Length (X1). X1 affected Live Weight largely through X3 while X2 and X3 had the largest effect on Live Weight through X4. X4 had the largest effect on Live Weight through X2.
In the 18L:6D lighting program, only the direct effects of X1 (0.663) were significant in male turkeys while direct effects of X1 (0.528) and X2 (0.479) were significant in female turkeys (P<0.05, Table 4 ). In male turkeys, one unit change in standard deviation of Shank Length resulted in 0.663 unit change in standard deviation of Live Weight while in females, that resulted in 0.528 changes in standard deviation of Live Weight. In addition, one unit change in standard deviation of X2 resulted in 0.479 unit change in standard deviation of Live Weight. In both genders, X2 and X4 had larger effects through X1 compared with X3.
In the 12L: 12D lighting program, direct effects of X1 (0.689) and X2 (0.328) in male turkeys was significant, while direct effects of X2 (0.598) was significant in female turkeys (P<0.01, P<0.05). In male turkeys, one unit change in standard deviation of Shank Length resulted in 0.689 unit change in standard deviation of Live Weight while that of Breast Length resulted in 0.328 unit change in standard deviation of Live Weight. In female turkeys, one unit change in standard deviation of Breast Length resulted in 0.598 unit change in standard deviation of Live Weight. Indirect effects of X2 and X3 through X1 were similar (0.551 and 0.558) in the male turkeys. Indirect effects of X1 and X2 through X3 and X4 were close to zero.
Direct and combined effects of the variables in contributing to the variation of Y are given in Table 5 . In all lighting systems, Shank Length (X1) had the highest direct contribution to the variation in Y. Combined effects of X1 and X2 and combined effects of X1 and X4 on Y were the highest among the variable pairs. Regardless of the lighting program, Shank Length (X1) had the highest direct effects on live weight in both sex, while this was more obvious in males. This indicates that in estimating the live weight at 30 week, Shank Length is the most influential variable and must be included in the model. These findings are supported by Nestor et al., (2001) and Mendes et al. (2005a Mendes et al. ( , 2005b . 
Conclusions
In all three of the lighting programs, changes of Shank Length in male turkeys resulted in significant changes in Live Weight. This statement was true for female turkeys also, with the exception of 12L: 12D lighting program. In addition, indirect effects of Breast Length and Breast Circumference through Shank Length were highest among all indirect effects. Shank Length can be the most influential variable and should be included in the model in estimating the live weight at week 30. It should be kept in mind that sample size is effective on the relationships between variables. Larger data sets give more reliable results.
